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Urinary sodium to potassium ratio and urinary stone disease. The
relation was investigated of urinary sodium to potassium ratio in first
morning voided urine (spot urine) to urinary stone disease in 3,625 men
and women aged 25 to 74 years participating in the baseline examination
of the Gubbio Population Study. History of urinary stone disease (excre-
tion of stone, and/or radiographic or ultrasonic evidence of urinary stone,
and/or operation for urinary stone removal) was reported by 127 individ-
uals (3.50%). Prevalence of urinary stone disease was lower in women
than in men (2.59 and 4.58%, P < 0.001) and positively related to age (P
<0.001). Compared to nonstone formers, stone formers (N = 127) had
higher urinary sodium to potassium ratio (P < 0.01), with similar plasma
potassium and sodium concentration. In both sexes, urinary stone disease
was positively related (P < 0.001) to sodium to potassium ratio: quartile
analysis of this ratio showed that prevalence of stone formers in quartile
4 compared to quartile 1 was 3.33 times higher in women (P < 0.005, 95%
confidence interval 1.36/8.60) and 2.71 times higher in men (P < 0.004,
95% confidence interval 1.35/5.93). In multiple logistic regression, urinary
stone disease was significantly related to age, sex, and urinary sodium to
potassium ratio (P < 0.01), controlled for other possible confounders, with
or without exclusion of stone formers with plasma creatinine >1.20 mg/dl.
In an alternative model, with urinary sodium to potassium ratio not
included, urinary stone disease was positively related to urinary sodium to
creatinine ratio (P < 0.001) and weakly (P = 0.079) related inversely to
urinary potassium to creatinine ratio. The data indicate that high sodium
to potassium ratio in the urine is related to urinary stone disease.
Urinary stone formation is a common, troublesome, and costly
medical problem. In industrialized nations, bladder stone forma-
tion has become rare while formation of calcium-rich stones in the
upper urinary tract is frequent [1] and its incidence has increased
in this century [2]. Calcium stone formation in the upper urinary
tract is considered a disease of affluence related to several dietary
risk factors [1—4]. Calcium is the main component in most urinary
stones, and urinary calcium concentration plays a pivotal role in
urinary crystal precipitation and urinary stone growth [5].Accord-
ingly, urinary calcium excretion correlates with the prevalence
of urinary stone disease [6]. Urinary sodium (Na) and urinary
potassium (K) have opposite relationships with urinary calcium
excretion; high urinary Na is associated with high urinary calcium
[7—9], while high urinary K is with low urinary calcium [10]. Based
on these observations it can be hypothesized that individuals with
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high urinary Na to K (Na/K) ratio, caused by high Na and/or low
K excretion, are at higher risk of urinary stone disease.
The present report presents evidence for a positive association
between urinary Na/K ratio and prevalence of urinary stone
disease in men and women studied at baseline in the Gubbio
Population Study in north central Italy [11—14]. Since urinary Na
and K excretions parallel their dietary intake, this association
likely reflects a relation of salt and K intake with urinary stone
disease.
Methods
In the Gubbio Study the target population was defined as all
persons aged five and over dwelling within the borough limited by
the medieval wall of this hill town in north central Italy [11—14]. In
the baseline survey 5,376 individuals were examined (response
rate 92.2%). The age group 25 to 74 years consisted of 3,706
individuals (1,684 men and 2,022 women). The present report
deals with findings on 3,625 individuals aged 25 to 74 years (1,658
men and 1,967 women) with complete data for the variables under
study.
Data on height and weight, blood pressure, diabetes prevalence,
routine laboratory measurements including plasma urea, uric
acid, and glucose concentration, self-reported habitual alcohol
intake, and other variables were collected as reported [11—14j. A
first-voided morning (spot) urine sample was obtained for deter-
mination by automated chemistry (Astra 8) of urinary concentra-
tion of Na, K, and creatinine. These data were used to calculate
urinary Na/K ratio, urinary Na to creatinine ratio, and urinary K
to creatinine ratio. The existence of a significant relation between
Na/K ratio in first voided morning urine and the same ratio in
24-hour urine was proven in a subsample of 102 women and 101
men of this population and in 10,079 individuals who participated
in the INTERSALT study (Appendix). Medical history of the
participants, including use of drugs, was taken by a physician
before urine was analyzed for electrolyte excretion. A positive
history for urinary (kidney and/or bladder) stones was defined by
one or more of the following criteria: history of urinary excretion
of stone(s); radiographic or ultrasonic evidence of urinary
stone(s); surgical or endoscopic operative removal of urinary
stone(s). In participants with positive history for urinary stone
disease, plasma creatinine concentration was measured and used
with age and weight to estimate creatinine clearance [15].
Analysis of variance (ANOVA), logistic regression analysis,
chi-square (chi2) analysis according to Pearson and according to
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Women Men
Number of people 1,967 1,658
% With urinary stone disease 2.59 4.58"
Age years 51.0" 13.8l 49.0 13,9"
Body mass index weight/height, kg/rn2 26.9 4.8 26.8 3.6
Urinary Na mmol/liter 146.3 54.7 159.1 52.9"
Urinary K mnsol/liter 40.6 21.9 46.4 23.7"
Urinary creatinine mmol/liter 13.3 5.8 17.7
Urinary Na/K ratio 4.37 2.46 4.16 2.3S
Urinary Na to creatinine ratio 13.0 7.1 10.4 5.8"
Urinary K to creatinine ratio 3.29 1.68 2.81 1.49"
Plasma Na mrnol/liter 140.7 3.0 141.0 2.9"
Plasma K mmol/liter 4.05 0.39 4.11 0.40
% On thiazide diuretics" 6.51 446d
%On allopurinol 0.25 l.8l
Mantel-Haenszel to test linear trends, were used for statistical
evaluation of the results.
Results
Descriptive statistics
A total number of 127 individuals (3.50%) reported history of
urinary stone disease. Prevalence of urinary stone disease was
higher with increasing age (Fig. 1) in men (chi2 = 22.4, P <
0.0001) and women (chi2 = 5.2, P = 0.022) and was lower in
women than in men (Table 1) also with control for age (2.48 and
4.71 %, P < 0.00 1). Compared to men, women were slightly older
(Table 1) and had lower plasma Na and K concentration, lower
urinary concentration of creatinine, Na, and K, higher urinary
ratios of Na/K, Na to creatinine, and K to creatinine, and different
prevalence of treatment with thiazide diuretics (higher) and
allopurinol (lower). Statistics for alcohol intake, plasma urea and
uric acid, blood pressure, and other variables in this population
sample have been previously reported [11—14]. Urinary Na con-
centration (Fig. 2B) showed no significant association with age in
men while it was slightly lower with age in women (P < 0.001).
Urinary K concentration (Fig. 2C) was slightly lower with age in
men and women (P < 0.0001). Urinary Na/K ratio (Fig. 2A) was
higher with age in men and women (P < 0.0001); a significant
positive correlation was found between age and urinary Na/K
ratio in both sexes (r = 0.129 in women, r 0.142 in men, P <
0.001). The relation between age and urinary Na/K ratio was due
to lower urinary K concentration in older persons (Fig. 2C); when
analyses were limited to men and women aged 25 to 54, neither
the correlation coefficient between age and urinary Na/K (r =
0.044 in women, r = 0,056 in men) nor were the ANOVA by age
groups of mean urinary Na/K ratio statistically significant.
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Fig. 1. Sex and age specific values of urinary stone disease (USD) preva-
lence. Symbols are: () women; (U) men.
Table 1. Descriptive statistics
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Fig. 2. Age-specific rnean values of urinary sodium to potassium ratio
(Na/K A), of urinary concentration of sodium (Na, B) and potassium (X C)
in women (U) and men (•).
Units for all urinary ratios are mmol X liter/mmol X liter'.
a mean, b
"Including chiorthalidone
"P 0.01, "P  0.001, fp  0.0001 compared to women by ANOVA
or thi2 analysis
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Table 2. Selected variables in individuals with and without urinary
stone disease
Urinary stone disease
Present Absent
Women
N 51 1,916
Age years 55.2' 109b 51.0 139d
Body mass index weight/height, 27.5 3.4 26.9 4.9
kg/rn2
Urinary Na/K ratio 5.37 3.22 4.35 2.44e
Plasma Na mrnol/liter 140.1 2.7 140.7 3.0
Plasma K mmol/liter 4.09 0.44 4.05 0.39
% On thjazide diureticsc 5.88 6.52
% On allopurinol 0.00 0.26
Men
N 76 1,582
Age years 56.8 11.7 48.6 l4.0
Body mass index weight/height,
kg/rn2
27.6 3.6 26.7 3.6'
Urinary Na/K ratio 4.97 2.68 4.12 2.32"
Plasma Na mrnol/liter 140.8 3.3 141.0 2.8
Plasma K mmol/liter 4.15 0.41 4.11 0.40
% On thiazide diuretics" 6.58 4.36
% On allopurinol 6.58 1.58k
Units for urinary Na/K ratio are mmol x liter 1/mmol )< liter'.
mean, b SD
Including chlorthalidone
d P  0.05, "P 0.01, 1P 0.001, g P  0.0001 compared to individuals
with urinary stone disease by ANOVA or chi2 analysis
Comparison between stone formers and nonstone formers
Compared to non stone formers (Table 2), stone formers were
older, had higher urinary Na/K ratio with normal plasma Na and
K concentration. The significant difference in urinary Na/K ratio
persisted with control for age (P = 0.007 in women, P = 0.016 in
men). Only among men, stone formers had higher body mass
index and prevalence of allopurinol use compared to nonstone
formers. Among the 127 stone formers, plasma creatinine con-
centration averaged 74.7 13.6 mol/liter (0.85 0.15 mg/100
mL) in women and 85.6 17.7 ILmol/liter in men (0.97 0.20
mg/100 ml); five men and no woman had plasma creatinine >106
p.mol/liter (1.20 mg/100 ml).
Quartile analysis
Table 3 reports descriptive statistics of all individuals classified
by quartile of urinary Na/K ratio. Age was slightly but significantly
different among quartiles, reflecting the correlation observed
between age and urinary Na/K ratio. Significant differences were
observed also for body mass index in men only. No significant
differences were found in number of individuals on treatment with
thiazide diuretics or allopurinol. Urinary stone disease prevalence
was significantly higher across quartiles in both sexes. A positive
linear trend in prevalence of urinary stone disease was found
across quartiles both in women (P = 0.0028) and men (P =
0.0043), with highest prevalence of urinary stone disease in
quartile 4 in both sexes. Compared to quartile 1, prevalence of
urinary stone disease in quartile 4 was 3.33 times higher in women
(P = 0.005), and 2.71 times higher in men (P = 0.004). This
difference remained significant with control for age in women
(3.99 and 1.30%, quartile 4 and 1,P = 0.009) and in men (6.18 and
2.77%, P = 0.018).
Table 3. Selected variables by quartile of urinary Na/K ratio
Quartiles
1 2 3 4
Women
Urinary Na/K <2.71 2.71—3.88 3.89—5.47 >5.47
range
N 491 495 489 492
Urinary Na/K 1.93k' 055b 3.29 0.34 4.65 0.46 7.64 2.40
ratio
% With urinary 1.22 2.02 3.07 4.07"
stone disease
Age years 49.4 13.8 50.4 13.3 51.3 13.8 53.2 14•1g
Body mass
index kg/rn2
26.5 5.0 26.8 4.8 27.0 4.6 27.2 5.0
Plasma Na 140.7 3.1 140.7 2.9 140.7 3.0 140.7 2.9
rnrnol/liter
Plasma K 4.03 0.41 4.08 0.38 4.06 0.38 4.04 0.39
rnrnol/liter
% On thiazide 6.31 5.86 6.75 7.11
diuretics"
% On 0.41 0.20 0.41 0.00
allopurinol
Men
Urinary Na/K <2.55 2.55—3.71 3.72—5.17 >5.17
range
N 415 416 414 413
Urinary Na/K 1.88 0.48 3.11 0.33 4.41 0.43 7.27 2.35
ratio
% With urinary 2.41 4.33 5.07 6.54"
stone disease
Age years
Body mass
index kg/rn2
46.8 13.9
26.3 3.6
48.7 14.1
26.9 3.7
49.2 13.6
26.6 3.5
51.3 14•0g
27.3 3.6'
Plasma Na 141.1 2.9 141.2 3.0 140.9 2.7 140.9 2.9
rnrnol/liter
Plasma K 4.13 0.41 4.11 0.40 4.10 0.40 4.09 0.39
rnrnol/liter
% On thiazide 4.34 3.61 3.62 6.30
diuretics"
% On 2.17 1.68 1.93 1.45
allopurinol
Units for urinary Na/K ratio are mmol x liter'/mmol x liter'.
a mean, b SD
"Including chlorthalidone
dp 0.05, ep 0.01, fp 0.001, gp 0.0001 across quartiles by
ANOVA or chi2 analysis
Table 4 presents findings for individuals with urinary stone
disease stratified by the same quartiles of urinary Na/K ratio. This
analysis shows that stone formers with higher urinary Na/K ratio,
compared to stone formers with lower ratio, did not have signif-
icantly different values of plasma Na, urea, creatinine, creatinine
clearance, and prevalence of treatment with thiazide diuretics or
allopurinol. In stone former men, plasma K was linearly lower (P
= 0.018) with higher urinary Na/K ratio; in stone former women,
the same trend did not reach statistical significance (P = 0.289).
Logistic regression analyses
Urinary Na/K ratio and urinary stone disease were related to
gender and age. Therefore, logistic analyses were performed
separately in sex- and age-specific subgroups (Table 5). A positive
regression coefficient was observed in all subgroups except for
men aged 65 to 74, and it was statistically significant in women
aged 45 to 54 and men aged 35 to 44. Urinary Na/K ratio was
significantly related to urinary stone disease prevalence with
1136 Gubbio Population Study: Urinaty Na/K and urina'y stones
Table 4. Plasma Na and K level, and indices of renal function in control for age in bivariate logistic regression analyses separatelyindividuals with urinary stone disease by level of urinary Na/K ratio performed in women and men aged 25 to 74; regression coeffi-
Women cients were not statistically different between the two sexes. When
women and men were combined in the logistic analysis with
<2,71 2.71—3.88 3.89—5.47 >5.47 control for sex (Table 5), a positive coefficient between urinary
Na/K ratio and prevalence of urinary stone disease was observed
6 10 15 20 in all age groups, with a tendency for it to be progressively lower
1.42a 0.61" 3.04 0.31 4.73 0.44 8.22 3.22 with increasing age of participants; the regression coefficient was
significant or borderline significant in the subgroups aged 35 to 44,
45 to 54, and 55 to 64. Controlled for sex and age, the regression
140.7 5.1 139.3 2.6 140.3 2.6 140.1 1.9 coefficient between urinary Na/K ratio and urinary stone disease
prevalence was highly significant for the entire group aged 25 to
4.12 0.69 4.31 0.27 3.99 0.45 4.05 0.40 74. The regression coefficient tended to be greater when the
logistic analysis controlled for sex and age was performed in the
group aged 25 to 49 (N = 1,699, coefficient = 0.1576 0.0589, P
5.52 1.80 5.83 0.88 5.39 1.39 5.89 0.84 0.0074) compared to the group aged 50 to 74 (N = 1,926,
coefficient = 0.0815 0.0336, P = 0.0154).
Multiple logistic regression analysis (Table 6) indicated that the
84.0 12.2 74.3 10.4 69.0 14.6 76.5 13.6 association between urinary Na/K ratio and urinary stone disease
prevalence was independent also of other possible confounders
such as body mass index, treatment with allopurinol or thiazide
85.6 19.8 99.3 17.9 107.8 22.7 89.9 20.9 diuretics. Treatment with allopurinol was positively associated
wtth urinary stone disease tn men but not in women. The same
findings were confirmed in other multivariate logistic models
0 0 1 2 where the five individuals with urinary stone disease and plasma
creatinine concentration >0,106 jimol/liter (>1.20 mg/100 ml)
0 0 0 0 were excluded from the analysis, to test that the association is notdependent on mechanisms related to impaired renal function, or
where additional variables such as hypertension (defined as a
Men diastolic pressure 90 mmHg, and/or regular antihypertensive
drug treatment), reported alcohol intake, and plasma uric acid
2.55—3.71 3.72—5.17 >5.17 concentration were added to the analysis (data not shown).
On the basis of the coefficients shown in Table 6, an individual
10 18 21 27 with urinary Na/K ratio higher by 2.4 units (approximately the
2.20 0.17 3.09 0.34 4.71 0.31 7.45 2.94 value of one so of this variable in the studied population) was
about 1.25-times (95% confidence interval 1.19/1.31) more likely
to have formed stone(s).
141.6 3.4 141.1 2.9 140.1 3'S The relative role of urinary Na and urinary K in the association
between urinary Na/K ratio and urinary stone disease was inves-
4.33 0.44 4.22 0.31 4.19 0.44 4.00 041d tigated using a multivariate logistic model similar to that shown in
Table 6 except for the inclusion in the analysis of two variables,
the urinary Na to creatinine ratio and the urinary K to creatinine
6.59 1.23 5.95 0.96 6.12 1.16 5.91 1.16 ratio, in the place of the urinary Na/K ratio. This analysis yielded
a positive coefficient for the urinary Na to creatinine ratio (0.0496
0.0133, P = 0.0002), and a negative borderline significant
86.6 17.1 75.6 16.9 86.1 15.7 89.6 18.8 coefficient for the urinary K to creatinine ratio (—0.1274 0.0725,P = 0.0790). Findings for the other independent variables were
similar to those shown in Table 6.
The main finding of the present study is the positive association
3 of Na/K ratio in morning "spot" urine with the prevalence of
urinary stone disease in a population sample of men and women.
1
Urinary Na/K ratio in spot urine has been used because this
variable is independent of duration and completeness of urine
collection, while valid 24-hour urine collection is difficult to obtain
in population studies [16]. The association between urinary stone
disease and urinary Na/K ratio was observed in both sexes and it
tended to be stronger in young age groups, where urinary Na/K
ratio was not related to age. Multivariate analyses indicated that
Urinary
Na/K
rangeN
Urinary
Na/K
ratio
Plasma Na
mmol/
liter
Plasma K
mmol/
liter
Plasma
urea
mmol/
liter
Plasma
creatinine
pinol/
liter
Creatinine
clearance
mI/mit,
N on
thiazide
diureticsc
N on
allopurinol
Urinary <2.55
Na/K
range
N
Urinary
Na/K
ratio
Plasma Na 140.6 3.1
mmol/
liter
Plasma K
mmol/
liter
Plasma
urea
mmol/
liter
Plasma
creatinine
nol/
liter
Creatioine 94.1 24.8
clearance
mI/mm
Non 0
thiazide
diuretics"
Non
allopurinol
103.3 36.7 94.9 26.2 93.1 31.8
2
2
0
1
Discussion
Units for urinary Na/K ratio are mmol x liter '/mmol x liter'.
Creatinine clearance was estimated according to Cockcroft and Gault [15].
a
mean,
"Including chlorthalidone
d P  0.05 across gronps by ANOVA
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Table 5. Logistic regression of prevalence of urinary stone disease (dependent variable) on urinary Na/K ratio by sex and age
Women Men Women and men
Age Coefficient SE Coefficient SE Coefficient SE
25—34
35—44
45—54
55—64
65—74
0.2362
0.0465
0.2163c
0.0870
0.0889
0.2304
0.1618
0.0881
0.0860
0.0694
0.1808
0.3047"
0.0292
0.1016
—0.0063
0.4435
0.0902
0.1190
0.0709
0.0782
0.2239
0.2324"
0.1367"
0.0956a
0.0384
0.2057
0.0754
0.0700
0.0548
0.0541
25—74 0.1060" 0.0418 0.0849" 0.0395 00942d 0.0287
Univariate logistic regression was used for analyses performed in specific sex and age groups; for age group 25—74, age was included in the analysis;
for women and men combined, gender (female = 0, male = 1) was included in the analysis.
ap 0.10, bp 0.05, 'p  dp 0.001
Table 6. Multiple logistic regression analysis: relationship of urinary Na/K ratio, age, body mass index (BMI), treatment with allopurinol or
thiazide diuretics (including chiorthalidone), and gender (independent variables) to prevalence of urinary stone disease (dependent variable)
Variable
Women Men Women and men
Coefficient SE Coefficient SE Coefficient SE
Urinary Na/K 0.1095' 0.0466 0.0838" 0.0409 0.0937' 0.0304
Age 0.0224' 0.0119 0.0391' 0.0099 0.0321e 0.0076
BMI 0.0130 0.0311 0.0392 0.0335 0.0226 0.0226
Allopurinol —3.6918 18.27 1.1116" 0.5325 1.1224" 0.5169
Thiazide —0.8756 0.7568 —0.0338 0.4993 —0.3339 0.4103
Gender — — — — 06980d 0.2106
When women and men were combined, gender (female = 0, male = 1) was included in the analysis.
'p 0.10, bp 0.05, 'P 0.01, "p  0.001, 'P  0.0001
the association between urinary Na/K ratio and urinary stone
disease was independent not only of sex and age but also of
confounders such as overweight, alcohol intake, treatment with
thiazide diuretics or allopurinol, plasma uric acid, and hyperten-
sion.
The prevalence of urinary stone disease in this sample of Italian
population was similar to the value of 3 to 6% reported by a
review for the general Italian population [171. This rate is similar
to that of other industrialized countries [1—3, 18—20] where
calcium-rich stones in the upper urinary tract are the most
common form of urinary stone disease. In the present study, data
were not collected about the relative prevalences of kidney and
bladder stones, and about the chemical structure of stones. The
criteria used to define presence of urinary stone disease were
chosen to exclude false positive cases, such as, persons with flank
pain only, with or without hematuria and other symptoms, possi-
bly due to causes other than urinary stone disease. The possibility
cannot be excluded that the real prevalence of urinary stone
disease was somewhat higher due to cases without symptoms or
awareness of stone excretion.
The association observed between urinary Na/K ratio and
urinary stone disease can be accounted for by several mechanisms.
It can be hypothesized either that high urinary Na/K ratio is
secondary to urinary stone disease or, alternatively, that it repre-
sents a marker or a risk factor for the development of urinary
stone disease. Cause-effect relationships are difficult to establish
solely from cross sectional data; however, several points suggest
that high urinary Na/K ratio was unlikely secondary to urinary
stone disease. Theoretically, urinary stone disease could lead to
chronic interstitial nephropathy [21], characterized by reduced Na
absorption and reduced K excretion at distal sites of the nephron
which would cause high urinary Na/K ratio. Three observations
are against the possibility that the observed association depends
on high prevalence of chronic interstitial nephropathy among the
stone formers of this population. First, stone formers with high
urinary Na/K ratio did not have indices of renal function indicat-
ing impairment compared to stone formers with low urinary Na/K
ratio. Accordingly, the findings were confirmed when stone form-
ers with even slightly increased plasma creatinine were excluded
from the analysis. Second, stone formers with high urinary Na/K
ratio did not have high plasma K or low plasma Na levels, signs
typical of chronic interstitial nephropathy associated with en-
hanced Na excretion and low K excretion [21]. Among men, stone
formers with high urinary Na/K ratio actually had lower plasma K
concentration compared to stone formers with low urinary Na/K
ratio. This picture, low plasma K in the presence of high urinary
Na/K ratio, suggests a relatively depleted K status rather than the
condition of K retention given by reduced renal K excretion.
Third, the regression coefficient for the association between
urinary Na/K ratio and the prevalence of urinary stone disease
given by logistic analyses tended to be greater in young adults
compared to older adults, an observation which does not support
the hypothesis of chronic, long-standing renal disease as the
causal mechanism for the observed association. In fact, if this was
the case, the association must be stronger with increasing age of
participants, since—in the presence of urinary stones—duration
of the disease is an important factor for development of secondary
chronic interstitial nephropathy [21]. If not via an induced chronic
interstitial nephropathy, urinary stone disease could cause high
Na/K ratio in spot urine via a secondarily-induced particular
circadian rhythm for renal Na and K handling responsible for
altered ion excretion in the morning compensated for by opposite
changes in Na and K excretion during the remaining part of the
day. Such an abnormality would occur in the absence of other
1138 Gubbio Population Study: Urinaty Na/K and urinaty stones
signs of even slightly altered plasma ion concentration or impaired
renal function. No data support this hypothesis. Finally, high Na/K
ratio in spot urine could be related to treatment of urinary stone
disease rather than to the disease itself. However, this possibility
too can be excluded: in fact, the observed association was
independent of treatment with thiazide diuretics or allopurinol. It
cannot be explained by high fluid intake since this practice,
advised for stone formers [22], would have proportionately low-
ered urinary concentration of Na and K.
The alternative possibility that high urinary Na/K ratio is a
primary abnormality related to urinary stone disease is based on
previous studies [7—10] showing that high Na and low K excretion
in the urine cause high urinary calcium, an alteration which
increases the risk of urinary stone formation [5, 6]. Accordingly,
analyses performed in a subsample of the Gubbio population
show that high urinary Na/K ratio was associated with high urinary
calcium concentration (Appendix). Measurement of 24-hour uri-
nary Na and K excretion is taken as index of dietary Na (salt) and
K intake [7—10, 16, 23] since renal excretion of these two ions
parallels their dietary intake. Several observations support the
possibility that high urinary Na/K ratio also in spot urine reflects
a high ratio of Na to K in the diet. Data from the INTERSALT
Study [24, 25], collected in 10,079 adult men and women, show
that Na and K excretion in 24 hour urine is significantly correlated
to Na and K excretion in spot urine collected the morning after
the completion of the 24-hour urine collection (Appendix). In the
sample of the Gubbio population who participated in the INTER-
SALT and the Gubbio Study, similar correlations were found
(Appendix). An accurate metabolic study [10] done in healthy
adults showed that Na and K levels in spot urine followed
manipulations of salt and K intake similarly to 24-hour urinary
excretion of Na and K. Significant correlation between data in 24
hour and spot urine has been described in stone formers also by
Muldowney, Freaney and Moloney [8], who showed that in the
presence of high dietary salt intake, urinary Na excretion is high in
24-hour and spot morning urine samples collected under fasting
condition. Therefore, a reasonable interpretation of the data is
that high urinary Na/K ratio in spot urine reflects high salt and/or
low K intake in the presence of otherwise normal renal function
and of a normal ion homeostasis both in stone formers and
nonstone formers. Whether in stone formers dietary intake of Na
might have been increased or that of K lowered before or after
development of urinary stones cannot be assessed with the present
data. However, the possibility that such dietary changes occurred
after onset of urinary stone disease seems unlikely, as patients
with urinary stones are commonly advised to reduce their salt
intake while they are not given specific instructions in regard to K
intake [22].
Previous studies failed to show high urinary Na excretion in
stone formers [26—28]. Negative findings from these studies can
be explained on several bases: cases and controls poorly repre-
sentative of all stone formers and nonstone formers within a
population (selection bias); small samples (low statistical power);
methodological problems in the assessment of habitual urinary Na
excretion (regression-dilution bias) [16, 23]. A recent, prospective
epidemiological study by Curhan et al [29] on a large cohort of 40
to 75-year-old professional men reported renal stone incidence to
be unrelated to dietary salt and negatively related to dietary K.
The different inferences with regard to salt intake between the
present study and that by Curhan et al do not appear to be due to
differences in selection, gender, age, and profession of the two
populations studied, or to measurement of prevalence instead of
incidence of urinary stone disease, or to inclusion or not of
non-renal urinary stone disease in the analysis (only 3% of all
cases of urinary stone disease in the report of Curhan et al).
Dietary salt was estimated in that paper from a self-reported
semiquantitative questionnaire yielding an estimate of Na intake
based on Na content of enumerated foods. This method has
limitations in regard to assessment of true dietary Na intake [20]
as, for instance, it cannot measure amount of Na (salt) added to
foods during cooking and/or at table. Lack of association between
dietary salt intake and renal stone incidence in that study [29]—
reported briefly in the text without specific data—could therefore
reflect lack of precision in estimation of salt intake of individual
men.
The present study shows also that, in accordance with previous
observations [1, 2, 17, 19], gender and age were significant
correlates of urinary stone disease. Mechanism(s) remain to be
clarified for the sex difference in the prevalence of the disease
while the age effect is generally explained considering that time
permits more and more people to express the stone-forming
tendency either due to lifestyles and/or intrinsic metabolic abnor-
malities. In men, treatment with allopurinol, but not plasma uric
acid, was identified as a positive correlate of the prevalence of
urinary stone disease, indicating that treatment for hyperuricemia
was common among stone-forming men.
In summary, the present study reports population based data
showing that prevalence of urinary stone disease in men and
women is significantly and independently related to urinary ratio
of Na to K, as well as Na to creatinine, possibly reflecting dietary
intake of salt and K. The mechanism through which high salt and
low K intake could favor the development of urinary stones could
be similar to the pathogenetic models proposed to explain the
relation of high dietary intake of protein and carbohydrate with
the urinary stone disease. Such dietary habits would increase the
risk of urinary stone formation because they all increase urinary
excretion of calcium [30, 31]. The high prevalence of urinary stone
formation observed in industrialized countries is considered a
typical expression of a disease of affluence related to as yet
unidentified environmental (dietary ?) factor(s). The present data
support the concept that a dietary pattern characterized by an
unbalanced intake of salt (high) and K (low) is related to elevated
risk of urine stone formation. However, the study cannot rule out
the possibility that the observed abnormality in ion excretion does
not play a direct role in urinary stone disease, but rather repre-
sents only a marker of other dietary factor(s) related to salt and/or
potassium intake and not investigated in this population.
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Appendix
The relation between Na/K ratio in first voided morning (spot) urine with
the same ratio in 24 hour urine collected the day before was investigated in
203 individuals (101 men and 102 women) who participated in the Gubbio
sample of the INTERSALT Study [24, 25] and were also part of the cohort
reported in the present study. Correlation coefficients (r) between data in 24
hour and spot urine were: for the urinary Na/K ratio, r = 0.601 inwomen (P
<0.001) and r = 0.650 in men (P < 0.001); for the urinary Na to creatinine
ratio, r = 0.353 in women (P < 0.001) and r = 0.361 in men (P < 0.001); for
the urinary K to creatinine ratio, r = 0.453 in women (P < 0.001) and r
0.420 in men (P < 0.001). In this same cohort, urinary Na/K ratio was
positively related to urinary calcium concentration: r = 0.232 in women (P =
0.020), and r = 0.197 in men (P = 0.045).
In the INTERSALT Study [24, 25], Na, K, and creatinine excretion
were measured in 24 hour and spot urine in 10,079 men and women.
Correlation coefficients (r) between data in 24 hour and spot urine were:
for urinary Na/K ratio, r = 0.529 (P < 0.0001); for urinary Na to creatinine
ratio, r = 0.358 (P < 0.0001); for urinary K to creatinine ratio, r = 0.352
(P < 0.0001).
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